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Horseradish peroxidase (HRP), a hem-
containing dycoprotein, is able to uilize hydrogen
peroxide to caalyze one dedron idation d awide
variety of organic and inorganic substrates. The dired
eledrochemicd reduction d the oxidized form of
HRP adsorbed at the dedrode, kineticdly slow on a
majority of the investigated eledrode materials with
values of the dedron transfer (ET) rate, generaly,
below 1 eledron per second, may be referred to the
type of ET readions acampanied by proton transfer
(PT) if ET between the surfaceof the dedrode and
the adive center of the enzyme can be established [1].

To verify the readion medhanism involving the
participation d a proton in the dementary step of the
charge transfer, the kinetics of the bioeledrocaalytic
reduction d hydrogen peroxide has been studied on
gold eledrodes modified with dfferent forms of HRP
placel either in arotating disk assembly or in a wall
jet flow through eledrochemicd cdl. Native HRP
and nonglycosylated recombinant forms, recHRP
and recHRP containing a six-histidine tag at the C-
terminus, CyigrecHRP, have been used for adsorptive
modificaion d gold eledrodes. A favorable
adsorption d remmbinant HRPs on gold from a
protein solutionin 0.01M phaosphate buffer at pH 6.0
containing 0.15M NaCl (PBS) provided a high and
stable arrent resporse to H,O, due to its
bioeledrocaalytic reduction beased on dred
(mediatorless) ET between gold and the adive site of
HRP [2]. The presence of the six-His tag at the C-
terminus of the ezyme molealle aditionaly
increased the strength of the binding of the enzyme
with the gold surface & well as the efficiency of
direa ET.

The heterogeneous ET rate @nstant, K
cdculated from data from experiments on dired ET,
additionaly on mediated ET in the presence of
caedad aswell as from microbalance data, increased
30 times in the sequence native HRP - recHRP -
CuiecHRP. Comparative estimations with the
Marcus theory [3] with the values of the ET rate
constants extrapolated to zero concentration o HzO"
(eledronic couding constant 3 assumed to be 10 rm’
1) resulted in a deaease in the distance between the
adive site of the adsorbed enzyme and the dedrode
of 0.34 M when comparing CyisrecHRP with retive
HRP. The values of the gparent heterogeneous ET
rate mnstant between CyisreHRP and gold changed

from a value of 82.9%22.1s'in PBS at pH7.4,t0 a
value of 288+68s'in PBS at pH 6.0,and simil ar data
on the relative increase of ks were dso oltained for
the other HRP forms. These data suppat the
asumption d a simultaneous eledron and proton
transfer as the limiting step o the darge transfer
developed for the dedroreduction d the oxidized
form of native HRP on gold [1]. The results
demonstrate new paosshilities for controlling and
enhancing the enzymatic readivity and efficiency of
couded eledron and proton transfer readions at the
eledrode/solutioninterface
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